The resonance-enhanced multiphoton ionization ͑REMPI͒ spectrum of formaldehyde, two photon resonant in the region of the 1 A 2 (3p 
I. INTRODUCTION
Vibrational state selection provides a powerful tool for probing reaction mechanisms for small polyatomic cation systems. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] By combining mode-selective reactant preparation with measurement of product recoil velocity distributions, quite a complete picture of the reaction dynamics can be extracted. A major limiting factor in such studies is discovering ionization routes by which cations can be produced with controllable excitation in particular vibrational modes. Resonance-enhanced multiphoton ionization ͑REMPI͒ can be a simple and effective state-selective ionization tool, but only for molecules with the proper spectroscopic properties. 13 In REMPI vibrational state selection, the neutral precursor molecule is pumped with one or more photons to a particular vibrational level of an intermediate electronic state, then is ionized by a single additional photon. The vibrational state distribution of the resulting ions depends on the transition probabilities coupling the intermediate level with all energetically accessible states of the ion plus electron. In the case where the intermediate is a Rydberg state with little perturbation from valence states, the vibrational wave functions of the Rydberg molecule and the resulting ion are nearly orthogonal, and the Franck-Condon factors for ionization of the Rydberg state are diagonal, i.e., the ion is formed predominantly in the same vibrational level that was selected in the intermediate. The actual cation vibrational distribution is revealed by the photoelectron spectrum measured following ionization through the intermediate state, and the spectrum also gives insight into the nature of the intermediate state.
This paper reports a REMPI and photoelectron spectroscopy study of formaldehyde (H 2 CO), with the goal of finding routes for preparing state-selected H 2 CO ϩ . In addition to finding excellent state selection routes, the results shed some new light on the 3p Rydberg states of this well-studied molecule. The literature concerning the spectroscopy of H 2 CO is sizable, including studies of emission, 14 absorption, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] electric dichroism spectroscopy, 26 electron-impact spectroscopy, 27 ,28 multiphoton ionization, [29] [30] [31] photoelectron spectroscopy, [32] [33] [34] [35] ZEKE-PFI, 36 and photoionization spectroscopy. 19, 37, 38 These studies have revealed much concerning the geometries, transition energies, and rovibronic energy levels for the ground and excited states for both neutral and ionic formaldehyde. Parallel to these experiments, theoretical progress has been made in providing reliable predictions for the interpretation of spectroscopic observations. [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] Much of this work has focused on the valence states of H 2 CO, and the Rydberg states have not received as much attention. The absence of 2ϩ1 REMPI studies is particularly surprising, considering that two photon spectroscopy can probe states not seen in single photon studies. 48, 58 Certainly, the next higher homologue, acetaldehyde, has been the subject of several 2ϩ1 REMPI studies. [59] [60] [61] [62] To our knowledge, the only REMPI studies probing the energy range of the 3p Rydberg states were with 3ϩ1 ͑Ref. 29͒ and 1ϩ2ϩ1 ͑Ref. 30͒ REMPI schemes. These REMPI studies covered only a narrow photon energy range, mainly probing the origin bands and a few low energy vibrations of the 1 A 2 (3p x ), 1 A 1 (3p y ), and 1 B 2 (3p z ) states. We have obtained the 2ϩ1 REMPI spectrum of H 2 CO in the two-photon energy range from 64 000 to 73 500 cm Ϫ1 , probing transitions to the 1 A 2 (3p x ), 1 A 1 (3p y ), and 1 B 2 (3p z ) Rydberg states. As expected, many vibronic bands identified in the present experiment were not resolved or accessible in previous absorption and REMPI measurements. Furthermore, photoelectron spectroscopy has been used to probe the nature of the vibronic levels associated with the 1 A 2 (3p x ) Rydberg state, and many useful routes for preparation of vibrationally state-selected H 2 CO ϩ have been identified. To provide a reliable interpretation of the PES results, we also performed ab initio calculations of H 2 CO ϩ at various levels of theory. The geometry of the H 2 CO ϩ ion is determined to be planar, and a low vibrational frequency in cation, assigned in the previous He I photoelectron spectra as the 4 ϩ ͑out-of-plane bending͒ mode, 33, 34 is reassigned as the 6 ϩ ͑CH 2 rock͒ mode, as suggested by Bruna et al. 57 A somewhat higher frequency mode, not seen in the He I PES, is assigned as 4 ϩ . Several other previously unobserved vibrational bands of the cation are identified.
II. EXPERIMENT
The experiments were performed on a homemade photoelectron/photoion time-of-flight spectrometer. 62 The laser beam was generated by a Continuum Nd:YAG-pumped dye laser ͑NY82S/ND6000͒ using a total of five dyes ͑exci-ton rhodamine 640, 610, 610/590, 590, and fluorescein 548͒. The dye laser output was frequency-doubled by an Inrad Autotracker, producing average UV pulse energies of 5-7 mJ. The laser was focused with a 15 cm focal length lens into the center of the ionization region.
Monomeric H 2 CO gas was obtained by heating a mixture of solid paraformaldehyde ͑Aldrich 95%͒ and anhydrous MgSO 4 ͑Merck͒, held in a stainless steel tube connected directly to a pulsed molecular beam valve. The tube and pulsed nozzle were heated to 60°C causing the paraformaldehyde to liberate monomeric H 2 CO and water. 63 The water was absorbed by the MgSO 4 , and the monomeric H 2 CO was swept into the pulsed valve by a flow of helium at ϳ1 atm. The vapor pressure of H 2 CO is estimated to be around 0.047 atm at 60°C, 64 hence the concentration of H 2 CO in the molecular beam was around 5%. The mixed gas was then introduced into the photoionization region as a pulsed, skimmed molecular beam at 10 Hz. Because H 2 CO readily repolymerizes in the presence of water, 65 the entire gas line was baked at 400 K before use, the distance from the generation of H 2 CO to the supersonic expansion was minimized, and the helium was passed through a molecular sieve trap maintained at 77 K. This procedure greatly reduced the repolymerization of H 2 CO; no dimer, trimer or fragments attributable to them could be detected in the mass spectra.
A. REMPI spectra
Two types of 2ϩ1 REMPI spectra were recorded. The first is a wavelength scan of the total photoelectrons, in which the photoelectrons were produced in an ionization region formed by a pair of planar grids separated by ϳ1 cm. The upper grid was grounded and the lower grid was set at a negative dc potential ͑Ϫ5 V͒ to maximize collection efficiency of the electrons. After acceleration the electrons enter a 0.75 m-long magnetically shielded, field-free flight tube ending in a multichannel plate.
We also recorded spectra while monitoring the parent ion signal. These experiments were carried out in the same instrument by adding a third grid to the ionization region, converting the photoelectron spectrometer to a time-of-flight ͑TOF͒ mass spectrometer. This arrangement was also used to get the REMPI mass spectra of formaldehyde at fixed wavelengths. Both ion and electron signals were amplified, collected by a Tektronix 500M digital oscilloscope, and transferred to a PC for analysis. No attempt was made to normalize the spectra for variations in laser intensity ͑Ϯ20%͒.
B. Time-of-flight photoelectron spectra
Photoelectron kinetic energy spectra were also measured by TOF, using the same instrument. The only difference was that no acceleration fields were used, so as to not degrade the electron energy resolution. The collection efficiency (ϳ10 Ϫ4 ) is determined by the solid angle subtended by the detector. For each photoelectron spectrum ͑PES͒, the laser intensity was kept as low as possible to avoid peak broadening due to space charge effects, while keeping the signal well above the noise. Spectra were corrected for background by subtracting TOF spectra obtained with the molecular beam on and off, each signal averaged for 10 000 laser shots.
The energy calibration of the TOF PES was carried out by using 1ϩ1 REMPI PES of the iron atom as described by Anderson et 
where KE is the kinetic energy of photoelectron, L is the length of flight path, t is the measured time of arrival, t 0 is an adjustable parameter representing the actual time of the ionization event, m e is the mass of the electron, and E 0 is a parameter accounting for stray fields along the flight path. The absolute accuracy of Eq. ͑1͒ is Ϯ6 meV for the KE range covered by the Fe ϩ calibration peaks ͑1.45-1.85 eV͒, and the relative uncertainty is Ϯ1.5 meV. Note, however, that for the high KE electrons generated when pumping the high vibrational levels of the 3p x state, the uncertainty is higher and not known. This calibrated TOF-energy conversion expression was then used to assign all PES peaks for H 2 CO ϩ . Table I . 70 The excitation of a single electron from the oxygen nonbonding 2b 2 orbital into a set of 3p x , 3p y , and 3p z atomiclike orbitals leads to the Rydberg states 1 A 2 (3p x ), 1 A 1 (3p y ), and 1 B 2 (3p z ), respectively, where the x axis is taken to be perpendicular to the molecular plane, the y axis is in the molecular plane, and z is the symmetry axis. Removal of an electron from the 2b 2 orbital gives the H 2 CO ϩ ͓X 2 B 2 ͔ state. We have also included, in Table I and Table II In a C 2v molecule such as H 2 CO, the transition from 2b 2 to 3 p orbitals is electric-dipole-allowed to the 3p y and 3 p z orbitals, but forbidden to 3p x . For this reason, the 1 A 1 (3p y ) and 1 B 2 (3p z ) are well studied by single photon absorption, 16, [18] [19] [20] [21] [22] [23] [24] [25] yielding reliable transition energies for the formation of the vibrationless and vibronic levels of these two states. 3ϩ1 REMPI for the 1 A 1 (3p y ) and 1 B 2 (3p z ) state has also been reported, 29 however, the ion yields were small, and it was concluded that the high laser power required for REMPI led to line broadening and little spectroscopic information.
III. RESULTS AND DISCUSSIONS
An ab initio study of the multiphoton properties of all three 3p Rydberg states has been reported by Galasso. 48 As he predicted, irrespective of the number of absorbed photons, the np Rydberg states have higher transition probabilities than the nd states, and the 1 A 1 (3p y ) and 1 B 2 (3p z ) states are more easily accessible than the 1 A 2 (3p x ) state. Note, however, that because of the orbital symmetries, an electron in a 3 p y or 3 p z Rydberg orbital will tend to interact strongly with the valence orbitals lying in the molecular plane, while the 3 p x Rydberg orbital, perpendicular to the molecular plane, is less likely to be perturbed.
As shown in Fig. 2͑a͒ , the 2ϩ1 REMPI spectra of the 1 A 1 (3p y ) and 1 B 2 (3p z ) states are congested and poorly resolved, in contrast to that for the 1 A 2 (3p x ) state ͑see below͒, which is sharp. In addition, the signal from REMPI via the 1 A 1 (3p y ) and 1 B 2 (3p z ) states is 15 times lower than that produced via 1 A 2 (3p x ) excitation under similar conditions. Since we applied similar laser power in scanning all REMPI spectra, the broad peaks observed in Fig. 2͑a͒ cannot be attributed to power broadening, as was suggested by Bomse and Dougal in discussion of their 3ϩ1 REMPI results. 29 The most reasonable explanation for the broadened and weak 6 Ј modes, however, the coupling is expected to be weak because the energy difference between these two states is more than 0.8 eV.
The peak positions of the MPI bands resolved in Fig.  2͑a͒ are listed in Table III . We have also included in Table  III It is interesting to compare the REMPI spectrum taken by recording total electron yield ͓i.e., total ionization signal, Fig. 2͑a͔͒ with that recording only parent ion signal, Fig.  2͑b͒ . While the total electron yield spectrum is broad, there are still clearly resolvable spectral bands. In contrast, when monitoring parent ion production, the signal intensity is much lower. Most of the spectroscopic features disappear, leaving only a broad band near the origin position of the 1 B 2 (3p z ) state with poor signal to noise ratio. The broad and weak total electron yield spectrum ͑compare to the 3p x spectrum below͒ indicates that the 3p y and 3p z intermediate states undergo some radiationless process that reduces both their lifetimes and the ionization probability. The even lower intensity of the parent ion yield spectrum indicates that a large fraction of the nascent H 2 CO ϩ generated by REMPI absorb an additional photon and fragment. Fragmentation is discussed further below. The apparent increased width of the transitions in the parent ion spectrum, compared to the electron yield spectrum is probably not significant, but rather indicates that the REMPI signal has largely vanished into the non-resonant background. Anyway, neither state is at all useful for ion state-selection purpose. 51, 54 Figure 3͑a͒ shows the 2ϩ1 REMPI spectrum in the vicinity of the 1 A 2 (3p x ) state, at two-photon energies from 67 500 to 73 500 cm Ϫ1 . The assignments of the bands are indicated in the figure, and summarized in Table IV . As expected for two-photon selection rules, the origin of the 1 A 2 (3p x ) state is clearly resolved in the 67 730-67 802 cm Ϫ1 region. The assignment of the origin band is based on comparison with the previous experimental data and its large intensity in the spectrum. The transition energy for the origin band ͑67 730 cm higher than the electron impact value. Because the origin band is strong and sharp in our spectrum, and our laser is calibrated to within ϳ2 cm Ϫ1 by fitting the rotationally resolved REMPI spectrum of NO, and the sharp Fe transitions used for PES calibration, we believe our value to be correct.
B. The
The origin band resolved in our REMPI spectrum is composed of three peaks, equally spaced by 36 cm Ϫ1 , and with roughly a 4:1:2 intensity ratio. Two possible assignments may account for this band contour. The first, suggested by Mentall et rotational structure. The three components are, in order of increasing energy, the ⌬Kϭ0, KЈϭ1←KЉϭ1, ⌬Kϭ2, KЈ ϭ2←KЉϭ0, and ⌬Kϭ2 KЈϭ3←KЉϭ1 rotational branches ͑labeled below as R1,R2,R3͒. The three branches are spaced by 36 cm Ϫ1 , which is roughly equal to four times the A rotational constant. 70 With this assignment, the A constant is around 9 cm Ϫ1 -close to its value in the formaldehyde ground state. The alternation of intensities for R1, R2, and R3 is largely due to the 3:1 population of ortho and para modifications of H 2 CO. The absence of any higher energy rotational lines indicates that only KЉϭ0 and 1 states are significantly populated in our supersonically cooled formaldehyde beam.
The next intense MPI band located at 68 542-68 580 cm
Ϫ1
, with partial resolved rotational structure, is assigned to the 6 0 1 transition. The prominent rotational band at 68 559 cm Ϫ1 was also observed in the single photon absorption spectrum of Lessard and Moule, 21, 23 because this transition is weakly allowed by borrowing intensity from the intersecting 1 B 1 valence state via vibronic coupling through the nontotally symmetric 6 Ј(b 2 ) excitation. In that case, the vi- ͒ determined from He I PES. 33, 34 We note that this 771.1 cm Ϫ1 frequency in the He I spectra was originally assigned as 4 ϩ , but that our results support the reassignment to 6 ϩ , originally suggested by Bruna et al. 57 ͑see below͒.
The MPI band at 68 709-68 747 cm Ϫ1 was not observed in single photon absorption, and the high intensity precludes assignment as a hot band. The vibrational frequency associated with this band is 979 cm
. We expect, as already shown for the 6 ) for the cation, determined from the He I PES measurement. 33, 34 The weak peak at 69 521 cm Ϫ1 is assigned to the 2 0 1 , We note that both 5 Ј and 6 Ј reported in the absorption study ͑2628 cm Ϫ1 and 780 cm Ϫ1 ͒ are in error by more than 20 cm Ϫ1 uncertainty in the 5 0 1 and 6 0 1 band positions. 21 The discrepancy is attributable to the fact that their estimated position for the ͑forbidden͒ origin band was 49 cm Ϫ1 higher than our directly measured value.
We also observe combination bands attributed to the In the energy region above 71 500 cm Ϫ1 , the vibrational 23 The photoelectron spectra indicate that these two bands are actually transitions to high vibrational levels of the 1 A 2 (3p x ) state, although the former is strongly perturbed by interaction with the 3d state origin. These peaks are assigned as the 3 0 1 5 0 1 and 3 0 2 5 0 1 transitions to the 1 A 2 (3p x ) state, respectively.
We also recorded the 1 A 2 (3p x ) REMPI spectrum, measuring the parent ion signal vs wavelength, as shown in Fig.  3͑b͒ . Generally, the parent ion yield and total electron yield spectra are quite similar. No evidence is found for a nonresonant background, and almost all the vibronic bands observed for parent ions are consistent with those observed with electrons. There are some significant intensity differences, however. Note that in Fig. 3͑a͒ , the intensity of the peak for 2 0 1 at 69 521 cm Ϫ1 is very weak, while in Fig. 3͑b͒ , this band has substantial intensity. In contrast, the relative intensity of peaks in the total electron yield spectrum ͓Fig. 3͑a͔͒ at 69 699 cm ) decrease substantially when the parent ion yield is monitored. The most likely explanation is that the cations produced via these resonances have a particularly high probability of absorbing additional photons, and fragmenting. This decreases their contribution to the parent ion yield spectrum, but not to the total electron yield spectrum. For the 2 0 1 band, which increases in relative intensity in the parent ion spectrum, the converse is presumably true. Cations produced via this resonance are less likely than average to absorb additional photons and fragment. Because the relative collection/detection efficiencies for electrons and cations are unknown, and probably different, it is not possible to directly compare the signal levels in the electron and parent ion yield spectra. It is clear from the REMPI mass spectra ͑below͒, however, that a substantial fraction of the nascent ions fragment. As a consequence, changes in the fragmentation probability can strongly affect the relative peak intensities in the parent ion yield spectrum.
MPI time-of-flight photoelectron spectra
Photoelectron spectra ͑PES͒ were taken pumping through all the major bands in the 1 A 2 (3p x ) state. The ion internal energy (E int ) associated with each photoelectron band is calculated from the position of the band center by Eq. ͑2͒,
where KE is the measured photoelectron kinetic energy, and IP is 10.88 eV according to the NIST chemistry WebBook. 72 The PES in Fig. 4 have been transformed to an ion internal energy scale for ease of comparison, and a summary of the measured ion internal energies is given in Table V . As shown in Fig. 4 have similar KEs. The measured formaldehyde PES peak widths are 35-50 meV ͑FWHM͒. The uncertainty in the vibrational frequencies deduced, depends only on the relative energies of the bands, and is limited by the uncertainty in determining band centers, and possible non-linearities in the energy scale. The uncertainty is estimated to be less than Ϯ3 meV or Ϯ24 cm Ϫ1 . To aid assignment of the ion vibrations, ab initio calculations were performed with MP2, B3LYP theories using GAUSSIAN 98, 73 in both cases using the 6-311ϩϩG** basis set. As a check on the calculated cation frequencies, we also calculated the vibrational frequencies of neutral formaldehyde, where a complete set of experimental frequencies is available. It turns out that the B3LYP/6-311ϩϩG** results are in best overall agreement, and these have been used in the analysis. As is often the case, the ab initio frequencies are systematically higher than the neutral ground state frequencies. This systematic error has been corrected by scaling the ab initio frequencies by a factor of 0.9683 for neutral. The same scale factor was then used to scale the cation ab initio frequencies for comparison with our experimental results. The scaled ab initio and experimental frequencies are compared in Table I . Given the diagonal nature of the ionization transitions and the excellent agreement with the ab initio frequencies, assignment of the photoelectron spectra is straightforward.
The first three PES result from ionization through the R1, R2, and R3 rotational branches of the vibrationless level of 1 A 2 (3p x ). Unambiguously, the peaks in these photoelectron spectra correspond to the formation of H 2 CO ϩ in the vibrationless ground state, and the ion internal energy difference of ϳ3.5 meV ͑30 cm
Ϫ1
͒ between these peaks indicates a propensity to preserve the K rotational state in ionization. Recent studies of rotationally resolved photoelectron spectra revealed that the rotational spacing of H 2 CO ϩ ͓0 1 0 ,X 2 B 2 ͔ is also mainly determined by the A rotational constant ͑8.875 cm Ϫ1 ͒.
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The ion internal energy for the PES obtained via the 6 0 1 , 1 A 2 (3p x ) transition is 814 cm Ϫ1 . Based on the good agreement with the calculated value of the 6 ϩ frequency ͑818 cm Ϫ1 ͒ and the propensity for diagonal ionization, this PES band is assigned to the 6 ϩ mode. Note, that a band was observed in the He I PES ͑Refs. 33, 34͒ with a frequency of 771.1 cm Ϫ1 , and assigned as 4 ϩ . Obviously, there would be large discrepancy between experimental and calculated frequency value if this assignment was true. Furthermore, the observation of the 4 ϩ fundamental in the He I PES, would require a nonplanar cation structure, because odd quanta of such symmetry-breaking vibrations is normally not allowed in PES if both neutral and cation ground states are planar. 33, 34 On the other hand, calculations at the B3LYP, MP2, CASSCF, and CCSD͑T͒ levels, with various basis sets including cc-pVDZ and 6-311ϩϩG**, all converge to a planar cation geometry, and planar geometry was also found in earlier theoretical work. 54, 56, 57 We, therefore, concur with the reassignment of this band to the 6 ϩ mode, as suggested by Bruna et al. 57 The PES pumped through the 4 0 1 , 1 A 2 (3p x ) transition is assigned to the excitation of 4 ϩ in the cation, based on the propensity for diagonal ionization. This assignment results in a frequency for 4 ϩ of 919 cm Ϫ1 . Note, that this experimental frequency is 118 cm Ϫ1 lower than the calculated 4 ϩ frequency ͑Table I͒, which is well outside the experimental uncertainty. Note that a calculation at the QCISD/cc-pVTZ level yielded 1055 cm Ϫ1 for the 4 ϩ frequency, 56 in good agreement with our calculated result. As there is no good alternative to the 4 ϩ assignment, we conclude that the 4 ϩ mode must be unusually anharmonic. Note that the appearance of strong bands associated with the out-of-plane bend in both the REMPI and PES spectra, implies that some state involved in the 2ϩ1 REMPI process is bent. The neutral ground state is clearly planar, and the cation ground state also is calculated to be planar, with some confidence. We conclude that the 1 A 2 (3p x ) intermediate must be bent, allowing 4 Franck-Condon activity in both the two-photon excitation, and ionization steps.
The PES band obtained following REMPI through the 3 0 1 , 1 A 2 (3p x ) transition is readily assigned to 3 ϩ of H 2 CO ϩ . The frequency of 3 ϩ is around 1153 cm Ϫ1 in our measurement, and we note that there is 57 cm Ϫ1 difference between our value of 3 ϩ and that obtained from the He I measurement. The deviation results partly from the combined uncertainty in the two experiments, but also is affected by the unresolved rotational structure in both REMPI and He I PES. In our experiment, the PES was obtained by pumping the ⌬Kϭ0, KЈϭ1←KЉϭ1(R1) rotational transition, so that range of K in the cation is restricted, while in the He I PES the entire neutral ground state K manifold is ionized.
No good PES measurements were obtained pumping through the 2 0 1 and 3 0 1 6 0 1 , 1 A 2 (3p x ) transitions, because these transitions are too weak. The cation vibrational energy associated with the PES peak resulting from ionization through the 3 0 1 4 0 1 , 1 A 2 (3p x ) transition is 2218 cm Ϫ1 -a reasonable match to the expected combination frequency, taking into account the large anharmonicity of 4 ϩ . Excitation of the 5 ϩ mode in the cation results from REMPI through the 5 0 1 , 1 A 2 (3p x ) transition. Because this mode is not totally symmetric, it has not been reported in previous PES experiments. The frequency of 5 ϩ is measured to be 2718 cm Ϫ1 , which is in good agreement with the calculated value of 2744 cm
Ϫ1
. REMPI through the 5 0 1 6 0 1 , 1 A 2 (3p x ) transition results in cations with 5 ϩ 6 ϩ combination excitation. The combination frequency ͑3516 cm Ϫ1 ͒ is within a few wave numbers of the sum of 5 ϩ and 6 ϩ frequencies, indicating that this combination is quite harmonic. The PES peak obtained following ionization through the 4 0 1 5 0 1 , 1 A 2 (3p x ) transition is assigned to the 4 ϩ 5 ϩ combination excitation, again based on the strong propensity for diagonal ionization. Note, however, that the resulting combination frequency ͑3097 cm Ϫ1 ͒ is 540 cm Ϫ1 lower than the sum of 4 ϩ and 5 ϩ frequencies. The accuracy of the extracted ion vibrational energies is reduced for these high energy excitations, because the associated photoelectron kinetic energies are beyond the calibration energy range. Nonetheless, we estimate that the error should still be within 80 cm Ϫ1 . The simplest rationalization for the large frequency discrepancy is to invoke strong anharmonicity, and we note that the PES band associated with the 4 ϩ fundamental is also shifted to lower energy relative to the calculated, harmonic frequency. The PES following ionization of H 2 CO͓3 0 1 5 0 1 , 1 A 2 (3p x )͔ is the only one which shows two peaks. Within the experimental uncertainty, the peak at low internal energy corresponds to production of cations in the ground vibrational state. The slow electron ͑i.e., high ion internal energy͒ peak corresponds to an ion vibrational energy of 3863 cm
